Immature teratoma (IMT) is normally treated by resection and adjuvant therapy. The present unusual case of recurrent germinoma occurred 21 years after total resection of pineal IMT. A 3-year-old boy presented with headache, disturbance of consciousness, and Parinaud's syndrome. Magnetic resonance (MR) imaging revealed a pineal mass lesion, and total resection of the tumor was achieved. The histological diagnosis was mature teratoma. He did not receive further treatment, and did well without recurrence for 20 years. However, he suffered headache 21 years after resection, and MR imaging revealed a homogeneously enhanced pineal mass with low minimum apparent diffusion coefficient value and proton MR spectroscopy showed a huge lipid peak. The levels of tumor markers were not elevated. Cerebrospinal fluid (CSF) cytology found atypical cells with large nuclei and irregularly shaped nucleoli. To elucidate the relationship between the primary and recurrent tumors, we reviewed the histological specimens and CSF cytology at the initial treatment and found a subset of incompletely differentiated components resembling fetal tissues in the histological specimen and atypical large cells in the CSF. Based on these radiological and histological findings, we presume that the recurrent disease was disseminated germinoma after the resection of disseminated IMT. He received chemotherapy and craniospinal radiation therapy, and the enhanced lesion and atypical cells in the CSF disappeared. This case demonstrates that disseminated IMT can be controlled for the long term without adjuvant therapy, but may recur as germinoma. Tumor dormancy may account for this unusual course.
Introduction
intracranial teratomas are uncommon neoplasms occurring mainly in the pediatric population. Teratomas, including malignant types, account for 0.4% of all brain tumors in Japan. 1) Teratomas are classified as central nervous system (CnS) germ cell tumors (gCTs), and can be subclassified into mature teratoma, immature teratoma (iMT), and teratoma with malignant transformation. iMT contain incompletely differentiated components resembling fetal tissues and have a much higher recurrence rate than mature teratoma. 2, 3) Consequently, combined treatments of resection, radiation therapy, and chemotherapy are generally recommended for the control of such aggressive iMTs. 2, 3) on the other hand, radiation and chemotherapy can be deferred or omitted if gross total resection is achieved in patients with low-grade iMT, suggesting that the role of adjuvant therapy requires clarification. 4) recurrence of CnS gCT could occur later than expected, especially in germinoma, as 26-36% of cases of germinoma had the first recurrence at 5 years or later, and some cases recurred more than 20 years after initial treatment. 5, 6) in contrast, late recurrence is rare in patients with nongerminomatous gCTs (nggCTs). 6, 7) only six cases of late recurrence of nggCTs have been reported. [8] [9] [10] [11] [12] [13] all six cases had mature teratoma at initial treatment and three cases recurred as germinoma. However, no case of late recurrence of iMT is known. Whether such differences in behavior result from the effects of adjuvant therapy or the biological nature of iMT remains unclear.
We describe an unusual case of recurrent germinoma occurring 21 years after total resection of a disseminated iMT.
Case Report
a 3-year-old boy presented with headache, vomiting, and disturbance of consciousness. He was drowsy and had the Parinaud's syndrome. Head computed tomography (CT) demonstrated severe hydrocephalus (Fig. 1a) . He was referred to another hospital and underwent emergent continuous ventricle drainage, followed by ventriculoperitoneal (VP) shunt. Magnetic resonance (Mr) imaging obtained after the VP shunt demonstrated a heterogeneously enhanced mass in the pineal region (Figs. 1b and 1C) , and he was referred to our department. on admission, he was alert and had the Parinaud's syndrome. all tumor markers, including human chorionic gonadotropin (HCg), β-HCg, alpha-fetoprotein (aFP), and placental alkaline phosphatase, were within normal limits in both the serum and cerebrospinal fluid (CSF) obtained from the VP shunt reservoir. CSF cytology did not identify any atypical cells at that time. based on these findings, our diagnosis was gCT mainly consisting of teratoma. Tumor resection was performed through the right occipital transtentorial approach. intraoperatively, the tumor had a thick white capsule and did not adhere to the wall of the third ventricle. Postoperative Mr imaging showed the tumor was totally resected (Fig. 1d) . Histological examination revealed that the tumor contained differentiated muscles, glands, and skin, and the final diagnosis was mature teratoma (Fig. 2) . The patient did not receive either radiation therapy or chemotherapy after resection, and regular follow-up Mr images three times a year until first five years, twice a year until 10 years, and once a year or two-years thereafter for a lifetime. We found no recurrent disease. He continued to do well and manage his own affairs after surgery, without recurrence or newly developed neurological symptoms, for 20 years.
However, 21 years after the initial treatment, he suffered severe headache, and Mr imaging with contrast medium revealed a newly developed homogeneously enhanced lesion in the pineal region and enhancement of the surface of the brainstem (Figs. 3a and 3b). Minimum apparent diffusion coefficient (adC) value of the pineal lesion was 0.56 × 10 −3 mm 2 /sec. Proton Mr spectroscopy of the pineal lesion found increased choline/creatine phosphate ratio, decreased n-acetyl aspartate/creatine phosphate ratio, and a huge lipid peak (Fig. 3C ). The levels of HCg, β-HCg, HCg-C terminal peptide, and aFP were not elevated in either the serum or CSF obtained from the VP shunt reservoir. CSF cytology detected atypical cells with large nuclei, granular chromatin, and irregularly shaped nucleoli (Fig. 4d ). These findings suggested the presence of disseminated recurrent tumor cells, but we could not make the definitive diagnosis based only on the findings of CSF cytology.
To elucidate the relationship between the primary and recurrent tumors, we carefully reviewed the findings from the initial treatment. re-examination of the histological samples found an immature component with primitive neuroectodermal element resembling neuroepithelial rosettes (Fig. 4a) , and embryogenic mesenchymal tissues (Fig. 4b) . review of the CSF cytology detected clusters of monomorphic plump cells with oval eccentric nucleus, fine granular chromatin, small single nucleolus, and abundant pale to vacuolated cytoplasm. These atypical cells had similar morphology to the cells obtained at recurrence (Figs. 4C and 4d ). These findings suggested that the primary lesion was not a mature teratoma, but an iMT with CSF dissemination. The proton Mr spectroscopy findings of homogeneous enhancement with dissemination, low minimum adC value, and the presence of huge lipid peak, the absence of tumor markers, and the findings of CSF cytology suggested that the recurrent lesion was a germinoma. 14) He received chemotherapy consisting of 3 courses of ifosfamide, cisplatin, and etoposide, followed by 24 gy of radiation therapy to the craniospinal axis. after the first course of chemotherapy, Mr imaging showed complete disappearance of the enhanced lesion (Figs. 3d and 3e) and CSF cytology detected no atypical cells. This prompt complete response to the chemotherapy supported the diagnosis of germinoma. 14) He was discharged without a newly developed neurological deficit, and had had no recurrence at 46 months after the salvage therapy.
Discussion
This unusual case of pineal iMT with CSF dissemination, which was overlooked at that time, did not progress for 20 years after only resection, but recurred at the primary site with CSF dissemination 1 year later. although no definitive histological diagnosis of the disseminated cells in the CSF was established, we presumed that the recurrent disease consisted of germinoma based on the pre-treatment Mr imaging findings, adC value, absence of tumor markers, and sensitivity to chemotherapy. 14) Various mechanisms have been proposed for long-term remission of disseminated iMT and late recurrence of germinoma-like lesion. gross total resection is the most important factor to control iMT. 4, 15) adjuvant chemotherapy and radiotherapy are generally recommended even after total resection of iMT due to the high recurrence rate.
2,3)
However, the use of radiation and chemotherapy remains controversial because of the susceptibility at younger age, 1) low sensitivity to chemotherapy, [15] [16] [17] and lack of understanding of the natural course. For example, 5 of 6 children with iMT survived without recurrence for 47-158 months after only aggressive resection. 4) in the present case, long-term disease control was achieved without adjuvant therapy despite the presence of disseminated disease in the CSF.
Long-term control of the primary lesion and disseminated disease are important. aggressive resection of primary iMT is one of the factors contributing to long-term tumor control, especially in tumors with limited content of immature neuroepithelial tissue and normal level of aFP. 4, 15) Spontaneous maturation may also occur and induce dormancy in the infiltrating iMT. 18) Most reported cases with maturation of iMT were treated with chemotherapy, but 3 of 14 cases showed spontaneous maturation. 19) in the present case, these factors may have lead to the longterm control of the primary site.
Long-term control of dissemination is also unusual. Spontaneous regression is known in patients with germinoma, possibly resulting from the radiation exposure during diagnostic CT, or the immune response after surgery. [20] [21] [22] To achieve long-term tumor control, tumor cells need to remain dormant for the long term, or to disappear completely. The late recurrence in our patient indicated that the tumor cells had remained dormant for 20 years. Therefore, prolonged dormancy may be permanent or lead to tumor cell escape and late recurrence depending on the immune response. 23) Late recurrence of gCT has been recognized as more frequent than expected, especially in germinoma. 5, 6) in contrast, most iMTs recur within 5 years after the initial treatment because of its aggressive nature. 2, 3, 15) no germinoma component was detected in our first specimen obtained at surgical resection, but the late recurrence in this case is more likely attributable to the presence of germinoma component rather than malignant component. The breakdown of tumor dormancy with immunological changes is considered to be one of the mechanisms for the late recurrence of germinoma. Changes in hormonal stimulation can contribute to progression in intratubular gCT of the testis. 24) in this hypothesis, abnormal gonocytes, which are susceptible to mutation, stay dormant from the intrauterine period until puberty and undergo proliferation during and after puberty under hormonal stimulation. Hormonal stimulation at puberty has also converted dormant pineal gCT to rapidly growing iMT and germinoma. 25) our patient was apparently too old to conclude the influence of hormonal stimulation at puberty, but this mechanism must be considered as one of the causes of late recurrence.
Mature teratoma is considered to be curable with only total resection. 2, 3, 26) However, some patients with mature teratoma have developed recurrent gCTs even after gross total resection. [8] [9] [10] [11] [12] [13] 22, [27] [28] [29] Histological diagnoses of the secondary lesion found pathology other than mature teratoma in most cases. one explanation for this finding is that a small component of germinoma or malignant gCT was overlooked at initial treatment as the present case. Similarly, a tiny component of iMT and germinoma was reported in two cases of mature teratoma, indicating the difficulty of diagnosis of teratoma.
2) To avoid recurrence through such a mechanism, the meticulous histological examination is essential to accurately characterize mature teratomas.
This rare case of iMT with CSF dissemination developed recurrent disease at the primary site and CSF dissemination 21 years after resection. iMT may develop even after long-term remission. although the actual mechanism remains unknown, tumor dormancy modulated by the immune response or hormonal stimulation, or spontaneous maturation of iMT may be involved.
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